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Nitrogen and Carbon Changes in Great
Plains Soils as Influenced by Cropping
and Soil Treatments'

By H. J. Haas and C. E. Evans, soil scientists, Soil and Water Conservation Research
Division, Agricultural Research Service; and E. F. Miles,* former physicist, Agri-
cultural Research Service. -

Numerous investigations have shown that there has been a sharp
decline in nitrogen and carbon content of the soil after the land has been
gut under cultivation. The majority of these investigations were con-

ucted in the more humid regions. A few such studies, however, were
carried on in the Great Plains. In some instances, these studies showed
nitrogen and carbon losses as high as those in the more humid regions.

Russel (37)% reported that the soils studied in Nebraska had lost from
25 to 30 percent of their organic matter after 30 years of cropping.
Gainey and coworkers (18), working with soils from experiment stations
in western Kansas, showed that large losses of nitrogen had resulted from
cropping. Myers and coworkers (33) showed that these same soils
~ continued to decline with further cropping. Newton and coworkers (34)
reported upon analyses of soils in Alberta, Saskatchewan, and Manitoba,
Canada. Ii‘he average period of cultivation was a little over 22 years.
Nitrogen lost, compared with that lost from virgin sod, ranged from 0 to
40 percent. The average loss in soil nitrogen was 18 percent for brown,
dark brown, and black soils, and 30 percent for gray soils. Volkerding
and Stoa (47) studied the changes in soil nitrogen under rotation systems
of farming at Fargo, N. Dak., and found that, over a 33-year period,
soil nitrogen had been reduced 20 percent. Chang (9), working in the
Tucumcari region in northeastern New Mexico, reported that surface
soils which had been cropped for an average of 22 years lost 31 percent
nitrogen and 44 percent organic matter.

In contrast to these results, Stewart (43) and Stewart and Hirst (44)
reported on early work done in Utah, where no decline in soil nitrogen
occurred when wheat had been grown for periods of 10 to 50 years. They
stated that the deep-rooted wheat plants were able to secure a portion
of their nitrogen from the lower depths of soil. They also stated that
the plowing under of the straw and stubble tended to. maintain the
nitrogen content of cultivated surface soils.

As large losses of nitrogen and carbon from dryland soils in the Great
Plains were measured at several locations, it was decided in 1947 to make
a comprehensive study of the problem.?

*Mr. Miles is deceased. He was a member of the former Bureau of Plant Industry,
Soils, and Agricultural Engineering. :

1 Submitted for publication December 1956.

2 Ttalic numbers in parentheses refer to Literature Cited, p. 55.

3 The authors are indebted to Lyle T. Alexander, Chief, Soil Survey Laboratories,
Soil Conservation Service, and O. R. Mathews (retired), former agronomist, Soil and
Water Conservation Research Branch, Agricultural Research Service, for assistance
and guidance in planning and conducting this study.
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The purposes of the study were: To determine the effect of cropping
on the total nitrogen and carbon contents of various dryland soils; to
evaluate the relationship of total nitrogen in the soil to the capacity of
that soil to produce nitrate-nitrogen; and to show the influence of the
soil-nitrogen changes on crop yields.

The majority of the soil and plant samples reported upon were col-
lected from selected experimentalpstations II())cated throughout the Great
Plains. Soil samples were also collected from privately owned farmland

in North Dakota.

Description of Experimental Areas
Locations

In the early part of the 20th century, experimental stations were
© established at various locations throughout the Great Plains to study
the effects of different rotations and tillage practices on crop production
under dryland conditions. Where practicable, cropping treatments were
similar at all stations and were in effect for a period of 30 to 40 years.
These stations provided excellent opportunities to study nitrogen prob-
lems as influenced by different cropping treatments over a wide range of
soil and climatic conditions. However, there were two rather serious
limitations; the lack of replication of rotations at each station; and the
fact that, in most instances, no soil samples were taken at the time the
rotations were established.

In 1947, a survey * of these experimental stations was made to aid
in selecting the stations and rotations from which samples were to be
collected for the total-nitrogen and organic-carbon study. Each ex-
perimental field was surveyed to determine the soil type or types, uni-
formity, degree of erosion, and any other factors which would influence
the selection of the plots for sampling.

At a given station, only those rotations were selected which were com-
parable as far as the above factors were concerned. An attempt was
made to include rotations which were uniform for all stations. This
was not always possible because of differences between stations in adapt-
able crops, and also because some rotations were so located as not to be
comparable with other rotations.

The following list shows the designations and locations of the 17
stations selected. Throughout this bulletin, in both text passages and
tables, the place name alone is generally used to designate the experi-
mental stations.

Experimental station Location
United States Northern Great Plains Field Station........... Mandan, N. Dak.
Dickinson Substation. . . ...........ciiiiiiiniiinenann, Dickinson, N. Dak.
North Montana Branch Station. . ............. ..., Havre, Mont.
Central Montana Branch Station.......................... Moccasin, Mont.
Huntley Branch Station......................oooiina.a Huntley, Mont.
Newell Irrigation and Dryland Field Station................ Newell, S. Dak.
Sheridan Substation............... ..., Sheridan, Wyo.

4 The survey was conducted by Lyle T. Alexander, Chief, Soil Survey Laboratories,
Soil Conservation Service, Beltsville, Md., who visited all the land stations. He
was assisted by soil correlators from the Division of Soil Survey and by a representative
from each of the State agricultural experiment stations. The soil correlators were:
James Thorp, who assisted in Colorado, Nebraska, and Wyoming; E. H. Templin,
who assisted at the Great Plains stations; W. I. Watkins, who assisted in Kansas,
South Dakota, and North Dakota; B. H. Williams, who assisted in Montana; and
Willis J. Leighty, who assisted in the Northwestern States.
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Archer Substation
North Platte Experiment Station
on Field Station

United States

Colby Branch Station

Fort Hays Branch Station
Garden City Branch Station (main field and annex)
United States Southern Great Plains Field Station
United States Lawton Field Station
United States Dalhart Field Station
United States Big Spring Field Station
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Location
Archer, Wyo.
North Platte, Nebr.
Akron, Colo.

Colby, Kans.

Hays, Kans.

Garden City, Kans.

‘Woodward, Okla.

Lawton, Okla.
alhart, Tex.

Big Spring, Tex.

the locations of the stations selected is presented
(fig. 1). Newell, S. Dak., and North Platte, Nebr., were not included in
the study of the effects of cropping on the total nitrogen and carbon
content of the soil, but were inc{)uded in the soluble-nitrogen studies.
The year the sod was broken at each station, the year the experimental
plots were initiated, the soil series and texture, and the native vegetation
of the area are presented (table 1). It will be noted that the experimental

TaABLE 1.—Identification of soils and native vegetation of 17 stations in the Great

Plains. The year in which the native sod was broken and experimental plots initi-
ated is also given for each station
Year
Year | experi-
Location sod |mental Soil series Soil texture Native vegetation
broken | plots
initi-
ated
Mandan, N. Dak_| 1913 1914 | Cheyenne..... Fine sandy loam__| Blue grama, needlegrass, and
threadgrass.
Dickinson, 1906 1907 | Morton.___..._ Loam._..__...___.__ Blue grama, western wheat-
N. Dak. g'rass,neediegmss,andthraad-
grass.
Havre, Mont______ 1916 1916 | Joplin..._._.__ 60 percent clay Short grasses.
loam, 30 percent
loam.
Mocecasin, Mont.__| 1907 1908 | Judith________ 85 percent clay Blue grama, Sandberg blue-
) loam, 15 percent grass,needlegrass,and thread-
velly clay grass.
loam.
Huntley, Mont....| 1911 1912 | Nunnt._______ Cla]g loam to silty | Mostly short grasses.
clay.
Newell, 8. Dak_.__| 1907 1908 | Pierre...__.... Clay. oo Buffalograss, blue grama, and
western wheatgrass.
Sheridan, Wyo._...| 1916 1017 | Bridgeport..._.| Loam tosiltloam..| Buffalograss, blue grama,
western wheatgrass, needle-
grass, and threadgrass.
Archer, Wyo._.__.__ 1912 1913 | Altvan..______ Loam.___.._.._...__ Blue grama and western wheat-
grass.
North Platte, 1896 1935 | Holdrege-.--._ Very fine sandy Buffalograss, blue grama, and
Nebr. loam. western wheatgrass.
1907 1008 | Rago........__ Siltloam_.________ Buffalograss and blue grama.
1905 1914 | Sherman.._.__ Do. Do.
1903 1906 | Munjor! _____ Silty clay loam, Do.
silt loam.
Garden City, 1907 1907 | Keith, Ulys- Very fine sandy Do.
Kans. ses, Colby. loam.
Garden City, 1930 1031 |--..dO--ceeeeo.- FE' (o JO Do.
S.
Woodw:'ud, Okla_.| 1914 1914 | Pratto........_ Fine sandy loam_.| Tall grasses.
Lawton, Okla.__.__ 1916 1916 | Lawton-...... Sfitloam._._______. Do.
t, Tex_ ... 1907 1908 | Dalhart, Loam to fine Short grasses.
Otero sandy loam.
Mansker.
Big Spring, Tex...| 1906 1915 | Amarillo___.__ Fine sandy loam..| Short grasses and mesquite.

1 Tentative uncorrelated classification.
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Ficure 1. —Map of the Great Plains region, showing the location of the stations
included in t.lfm study. The western boundary is indicated by the shaded line,
which is also the 5,00 -foot contour.
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Flots were initiated in the same year that the sod was broken or 1 year
ater at all stations except North Platte, Colby, Hays, and Big Spring.
Between the time the sod was broken and the experimental plots were
established at these stations, the land was uniformly cropped.

Climate
Generally speaking, the Great Plains region is subject to wide fluctua-
tions in oprecipitation, temperature, and wind velocity. Temperatures
over 100° F. are not uncommon and occur even in the northern portion.
Temperatures below 0° are not uncommon in the central and northern
portions, and lows of more than 50° below zero have been recorded at
some locations. Precipitation is generally limited, and long periods of
drought may occur. The heavier rains are often of the thunderstorm
type which fall rapidly and result in considerable runoff from the more
sloping lands. Wind velocity is rather high at times; and this, together
with high temperatures during the summer months, promotes evapora-
tion and reduces the effectiveness of the rainfall. Prevention OF soil
blowing is a frequent problem in certain areas; and during prolonged
periods of drought with sparse plant cover, duststorms reach destructive
proportions over a wide area.
limatic and elevation data for each location are presented (table 2).
For the years covered by these data, annual precipitation ranged from
11.5 inches at Havre, Mont., to 28.7 inches at Lawton, Okla., with an
average of 17.9 inches. In the areas studied, approximately three-fourths
of the precipitation falls during the period April to September, inclusive.

TaBLE 2.—Climatic and elevation data for 17 stations in the Great Plains

Evapora-
Precipitation Evapora-| tion/pre- | Temper-
tion1 [cipitation| ature
Location Years of ratio 3 Eleva-
record tion
Annual Apr.- | Apr.- Apr.- Mean
Sept. Sept. Sept. annual
Inches Inches Inches °F. Feet
Mandan, N. Dak..__..__..___ 1915-51 15.82 10.88 32.99 3.03 41.0 1,750
Dickinson, N. Dak -| 1907-47 15.63 12.09 34.73 2.87 40.3 543
Havre, Mont._..... -| 1917-50 11. 50 8.86 37.33 4,21 42.0 2, 6506
Moccasin, Mont |1 1 15.12 11.20 33.67 3.01 42.2 4,228
Huntley, Mont. -| 1910-61 13.13 8.82 32.65 3.70 45.0 3,018
Newell, 8. Dak. - 2 15.78 12,13 36.20 2.90 45.0 2,880
Sheridan, Wyo... 16.17 11.26 35.31 3.14 4.3 3,790
Archer, Wyo...... 14.78 11.65 | 35.30 3.03 45.0 6,012
North i)lntte, Nebr.-. 19.34 15.42 41.10 2.67 49,5 3,025
Akron, Colo....... 17.40 13.81 43.19 3.13 48.8 4,650
Colby, Kans. 18.48 14,24 44. 96 3.16 51.0 3,145
Hays, Kans. o ccceoeccoaaoe 23.11 17.79 47.75 2.68 53.9 2, 000
Garden City, Kans 18.02 13.70 54,42 3.97 53.8 2,836
‘Woodward, OKla.. 23.76 16.09 51.28 3.19 58.1 1, 900
Lawton, Okla_._ 28.70 18.18 45.29 2.49 61.3 1,111
Dalhart, Tex.... -| 1906-50 18.09 14.14 50.89 3.60 54.3 4,000
Big Spring, Tex....o._....._ 18.87 12.79 54. 37 4,25 63.0 2,396
Average (all stationsg) .. ... 1911-50 17.86 13.12 41.79 3.4 49.3 3,046

1Inches of evaporation from a free-water surface, using the standard Bureau of Plant Industry type
evaporation pan.
2 Evaporation divided by precipitation for the period April through September.
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As would be expected, there was a general increase in evaporation from
north to south. These values ranged from 32.7 inches at Huntley, Mont.,
to 54.4 inches at Garden City, Kans., with an average for all stations
of 41.8 inches.

The evaporation/precipitation ratio ranged from 2.49 at Lawton, Okla.,
to 4.25 at Big Spring, E‘ex., with an average of 3.24 for all stations.
Garden City, Kans., and Havre, Mont., also had high ratios, indicating
that the rainfall received at these stations may be less effective than at
the stations with lower ratios.

The average annual temperatures generally increased from north to
south, as expected, and ranged from 40.3° F. at Dickinson, N. Dak., to
63.0° at Big Spring, Tex. %he average for all stations was 49.3°.

Elevation ranged from 1,111 feet at Lawton, Okla., to 6,012 feet at
Archer, Wyo., with an average for all stations of 3,046 feet. The region
as a whole slopes from west to east.

Collection and Preparation of Samples

Total Nitrogen and Carbon Study

Soil samples were collected at the time the rotations were established
at Sheridan, Wyo.; at Woodward, Okla.; and at the Garden City (Kans.)
annex. The rotation plots at Colby, Hays, and the Garden City (Kans.)
main field were sampled in 1916 after being cropped for several years.
These 1916 data (335) were used as the basis for determining the loss of
nitrogen at the three Kansas stations.

At each of the other stations, it was necessary to locate a virgin-sod
area representative of the site where the rotations were located. This
was done during the survey described (tP 2). The data from these virgin
areas were used to determine the loss of nitrogen or carbon that resulted
from cropping.

To use these data from the virgin areas, it was necessary to assume
that the nitrogen and carbon values obtained for the virgin sod in 1947
accurately represented the original condition of the rotation field; also,
that the original nitrogen and carbon contents of all the plots in the
field were the same. gs such assumptions are subject to considerable
error, only large differences between values should be regarded as sig-
nificant. Greater confidence can be placed in results that are similar
at a number of locations.

At Mandan, N. Dak., a high correlation was found between both the
nitrogen content and the carbon content of the virgin sod and the percent-
age by weight of particles less than 0.005 mm. in diameter. The percent-
age of particles less than 0.005 mm. in diameter in the soil from the ro-
tation plots was also determined. By substituting these values in the
regression equation for virgin sod, the percentage of nitrogen or carbon
that was in the soil at the time the sod was broken was calculated for
each plot. A more complete description of this procedure is presented
later i this bulletin (p. 8).

A grid system was used on each virgin area to determine sampling
locations. Each grid was composed of 9 points—3 parallel rows of 3
Eoints each. The points were spaced at 100- to 200-foot intervals,

epending upon the size of the area. A pit was dug in each virgin area to
study the characteristics of the profile. Soil samples were collected from
the grids at the time the survey was made in 1947. A l-quart sample
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was taken at each of the 9 points for each of the 0- to 6-inch and 6- to
12-inch depths. The selection of the sampling sites on the general farm-
lands in North Dakota wasmade in 1950.° Only those sites were selected
which were near a virgin sod area of the same soil type. All sites were
located on Barnes, Morton, or Williams soils. Samples were taken from
the 0- to 6-inch, 6- to 12-inch, and 12- to 18-inch depths. Each depth
was a composite of several borings.

The rotation plots were sampled by or under the direction of key per-
sonnel at each station.®

Samples for the present study were collected in 1947 except those from
Colby, Garden City, and Hays, Kans., which were collected in 1946 in
connection with a separate study conducted by the Kansas Agricultural
Experiment Station; and those from Mandan, N. Dak., which were
collected in 1943.

In most instances, a l-quart sample of soil was collected from each
plot for each depth of 0 to 6 inches and 6 to 12 inches. It was sometimes
necessary to alter the depth of sampling to conform to previous samplings.
Each sample was a composite of several borings, usuaﬁy 9 or more.

The soil samples were air-dried and shipped to the laboratory at Man-
dan, N. Dak., for analysis, with the exception of those from the 3 Kansas
stations and those from Mandan, N. Dak.; these were analyzed at Belts-
ville, Md. The soil samples were crushed and passed through a 2-mm.
screen; and all material that remained on the screen, such as rocks and
undecomposed organic matter, was discarded.

Soluble-Nitrogen Study

In 1949, 100 wheat plants were collected from manured and non-
manured rotations at 11 of the stations, to determine the effect of barn-
yard manure on the uptake of nitrogen by the plants. These samgles
were shipped to Mandan, N. Dak., where they were oven-dried at 65° C.
and ground for analysis.

In 1950, approximately 5 pounds of soil was collected from the 0- to
6-inch depth on a number of rotations at 13 of the stations. These
samples were used for evaluating the effects of different levels of soil

5 The selecting of the sampling sites, as well as the collecting of the samples, was
done by Dr. G. A. Johnsgard, formerly professor of soils, North Dakota Agricultural
College, Fargo, N. Dak.

4 'lie authors are indebted to the personnel who collected soil and plant samples
from the rotation plots and sup lie«fe information regarding the rotations. (Place
names are used instead of the full designations of the respective stations; see list on

.2.) These personnel were: Leroy Moomaw (retired), former superintendent,
Bicldnson, N. Dak.; V. C. Hubbard (deceased), former agronomist, M. A. Bell (de-
ceased), former superintendent, and J. J. Sturm, superintendent, Havre, Mont.;
R. M. Williams (retired), former superintendent, Moccasin, Mont.; A. E. Seamans
(retired), agronomist, Huntley, Mont.; A. Osenbrug (retired), agronomist, Newell,
S. Dak.; C. R. Hills, former acting suﬁerintendent, Sieridan, Wyo., and O. A. Beath,
head, Department of Agricultural Research Chemistry, University of Wyoming,
Laramie, gVyo.; A. L. Nelson (retired), former superintendent, Archer, Wyo., and R.
D. Lewis, soil scientist, Laramie, Wyo.; L. L. Zook (retired), former superintendent,
and R. E. Ramig, soil scientist, North Platte, Nebr.; J. F. Brandon, superintendent,
Akron, Colo.; J. B. Kuska (retired), agronomist, Colby, Kans.; A. B. Erhart, former
agronomist, and P. L. Brown, soil scientist, Hays, Kans.; H. L. Stout, former agron-
omist, and W. L. Rock, soil scientist, Garden City, Kans.; L. F. Locke, soil scientist,
Woodward, Okla.; W. M. Osborn (retired), former superintendent, Lawton, Okla.;
B. F. Barnes, former superintendent, and Grady L. Randel, former farm foreman,
Dalhart, Tex.; and F. E. Keating, superintendent, Big Spring, Tex.
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nitrogen on the ability of the soils to produce nitrates, as determined by
incubation in a room at constant temperature. These soils were air-
dried immediately and shipped to Mandan, N. Dak., for incubation and
analysis. They were passed through a 2-mm. screen, and all material
that remained on the screen, such as rocks and undecomposed organic
matter, was discarded.

Analytical Procedures

The total nitrogen content of the soil was determined by the Gunning
method (3) with a few modifications. The catalyst used in digestion was
10 parts K,SO,, 1 part FeSO, and 0.5 parts CuSO,. The NH,; was dis-
tilled into a 4-percent solution of boric acid, and titrated with N/7 H,SO,
or N/10 HC1. A mixture of bromcresol green and methyl red was used
as the indicator.

At first, carbon determinations were made by the dry-combustion
method, which included both the inorganic and organic carbon. It was
then necessary to determine the inorganic carbon and deduct this from
the total carbon value, to obtain the orgamic-carbon content. Later,
the wet-combustion procedure (35), which was more rapid, was used to
estimate the organic-carbon content.

The incubation procedure for determining the quantity of nitrate-
nitrogen produced by the soil for a given period of time was essentially
the same as that used by Allison and Sterling (2) with a few modifications.
The procedure used was as follows:

A quantity of soil, equivalent to 50 gm. oven-dried, was placed in 8-ounce jars’
This mcluded 1 gm. of garden soil to assure the presence of nitrifying organisms:
To this was added 12.0 mg. of dipotassiumphosphate and 0.5 gm. of CaCO;. The
samples were kept in a room held at a constant temperature of 28° C. and moisture
was maintained in the soil at the moisture equivalent by weekly additions of water.
The soil was shaken or stirred once a week to promote aeration. All the soils were
incubated for a 6-week period and a few for 12-, 18-, and 24-week periods. The
nitrate-nitrogen was determined by the usual phenol-disulfonic acid procedure at the
beginning and again at the end of each period. The quantity of nitrate in the soil
at 0 weeks, as well as the quantity produced by 1 gm. of garden soil, was deducted
from the total quantity produced at the end of each period to obtain the quantity of
nitrates produced during each period.

The nitrogen content of the plant material was determined by a modification of the
procedure used for soil so as to include nitrate-nitrogen (3). Phosphorus content of
the wheat plants was determined by the vanadomolybdate method.

The standard pipette procedure was used for mechanical analysis.

Relationship Between Soil Nitrogen and Particle Size

As mentioned previously (p. 6), a high correlation was obtained at
Mandan, N. Dak., between the nitrogen or carbon content of the virgin
sod and the percentage of particles less than 0.005 mm. in diameter.
The relationship for nitrogen is shown (fig. 2). The percentage of par-
ticles less than 0.005 mm. in diameter was then determined on each of
the rotation plots studied. By substituting these values in the regression
equation obtained from the virgin sod, an estimate of the nitrogen
content prior to the time the sod was broken could be obtained for
each plot. It was assumed that the nitrogen content of the virgin sod
did not change appreciably during the 30-year period of study, and that
the quantity of less than 0.005-mm. material in the plots had not changed
during the period of cultivation. :
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It was hoped that such a procedure could be used at the other stations
where original soil samples were not collected. However, poor correla-
tions were obtained at many of the other stations, and the procedure
was used only at Mandan. Perhaps if more samples had been collected
from the virgin sod, the correlations would have become significant.

To obtain an overall estimate -of the relationship between soil nitrogen
and particle size, the data from the virgin-sod areas at all of the stations
were grouped together. A total of 118 samples were available. The
data are plotted (fig. 3), together with”the regression line. The data

=)

8 .
|

J

Total nitrogen in soil (percent)

0 |-
on -
Y - 0.009849X-0.0011
_ ro=0.82
0.08 | 1 1 | |
10 12 14 16 18- 20

Particles less than 0.005 mm. in diameter (percent)

Ficure 2.—Relationship of percentage of total nitrogen in virgin soil to the percentage
of particles less than 0.005 mm. in diameter at Mandan, N. Dak.

from the individual stations are identified by different symbols, and the
poor relationship between the 2 variables at some stations can be noted.
For example, at Dickinson and Hays, the points are widely scattered,
while at Moccasin, the correlation is negative. Although the data from
Sheridan are arranged in a linear group, the regression line for these data
would be nearly horizontal and the correlation coefficient nonsignificant.
The correlation coefficient for all samples was 0.617 which was much
higher than required to be significant at the 1l-percent level. Although
the coefficient was highly significant, only 36 percent of the variation
in nitrogen content could be accounted for by differences in the content
of particles less than 0.005 mm. in diameter. It will be noted that in
general the relationship was much closer for coarser textured soils that
contained less than 30 percent of particles under 0.005 mm, in size,



045 |- ® MANDAN, NORTH DAK. 0 COLBY, KAN. ]
& DICKINSON, N. DAK. 4 HAYS, KAN.
® HAVRE, MONT. $ LANTON, OKLA.
040 = & MOCCASIN, MONT. -o-DALHART, TEX. 7
® HUNTLEY, MONT. <-BIG SPRING, TEX. ¢
0.35 — ¢ SHERIDAN, WYO. N=118 -
= * ARCHER, WYO. Y=00472 +0.0043 X ‘ s .
& 4+ AKRON, COLO. £ *0.6I7T** . ¢ .
& 030 —
w
e
& o025 —
9
'O
a
-
Zz 020+ .
o |
S
o
0.15 — —
0.10 -
o o
ﬁ .& o
005 |- O <% <+ -
| 1 I I 1 1 | I 1 1
t2 16 20 24 28 32 36 40 44 48

PARTICLES OF LESS THAN 0.005 MM . (PERCENT)

Ficure 3.—Relationship of ﬁbercentage of nitrogen to percentage of particles less than 0.005 mm. in diameter in the surface soil of virgin
sod at 13 locations in the Great Plains. (The 2 asterisks (**) indicate significant at 1-percent level.) :

HYALTIAOIYDYV A0 "IdEA 'S "0 ‘P9IT NILATINLG TVOINHOULL 01



NITROGEN AND CARBON CHANGES IN GREAT PLAINS SOILS 11

This method of determining what the nitcogen content of cultivated
soils was prior to the time the sod was broken may have merit on certain
soils, but if it is used, a rather large number of samples should be collected.

Comparison of Nitrogen and Carbon Content of Virgin
and Cropped Soils

A comparison of the total nitrogen content of unmanured cropped and
virgin surface soils at 14 locations in the Great Plains is shown (table 3).
The average loss of total nitrogen in surface soils at the 14 locations over
a 36-year cropping period was 39 percent. This represents a 1.07-
percent loss of soil nitrogen for each year of crop production.

TaBLe 3.—Total nitrogen changes in surface soils (0- to 6-inch depth, ercept as
indicated) at 14 locations in the Great Plains, as affected by 36 years of cropping

Total nitrogen content

Location Cropping | Years of

period | cropping| Virgin | Cropped | Change | Change
soils ! soils 3 with  (per yearof

cropping | cropping

Number | Percent | Percent | Percent | Percent
Mandan, N. Dak._______________________ 1913-43 30 0.160 0.116 - —0.93
Dickinson, N. Dak.______________________ 1907-47 40 .203 .149 —49 —-1.23
Havre, Mont_ ... _____.__________________ 1916-47 31 .151 .090 —40 —-1.29
Moceasin, Mont_________________________ 190847 39 . 300 .205 —32 —.82
Sheridan, Wyo__________________________ 1917-47 30 .159 .121 —24 —.80
Archer, Wyo.__ . 1913-47 34 122 .082 —33 —-.97
Akron, Colo_.___________________________ 190847 39 .134 .086 —36 —.92
Colby, Kans. .. __________________________ 1905-46 41 . 165 . 105 —36 —.88
Hays, Kans. ... ________________ 190346 43 .220 122 —45 —1.05
Garden City, Kans______________________ 190746 39 .120 .077 —36 —.92
Woodward, OKla._______________________ 1914-47 33 3.080 3,032 —60 —1.82
Lawton, Okla..._ 31 .154 .074 —b52 —1.68
Dalhart, Tex____ 39 .067 . 042 —37 —.95
Big Spring, Tex- 41 .060 . 041 —32 —-.78
Average. ... oo : 36 . 1566 .096 —39 —-1.07

1 Excegt at Mandan, Sheridan, and Woodward, virgin areas closely comparable in soil characteristics to
each of the cropped-solf areas were sampled in 1947, At Mandan, the samphn%edate was 1943. At Sheridan
and Woodward, virgin- and cropped-soil samples were taken from the same fleld; the virgin samples were
collected when the sod was originally broken in 1917 and 1914, respectively.

2 Cropped soils sampled at the end of the cropping period. Values reported for cropped soils are averages
of all cropping treatments except those receiving manure.

3 Values are for 0- to 12-inch depth. :

Soil nitrogen losses due to cropping have varied among locations,
ranging from 60 percent at Woodward, Okla., to only 24 percent at
Sheridan, Wyo. These percentage loss values, however, are relatively
constant when compare(F with the wide range in nitrogen contents of
virgin and cropped soils under investigation. For example, virgin soils
varied in total nitrogen content between 0.300 percent at Moccasin,
Mont., and 0.060 percent at Big Spring, Tex.; cropped soils varied
between 0.205 percent at Moccasin, Mont., and 0.032 percent at Wood-
ward, Okla. KEven though the total nitrogen content of virgin soils
showed a five-fold variation among locations, cropping and cultivating
have caused a relatively constant percentage reduction in nitrogen level.

Variations among locations in the nitrogen content of virgin soils, as
well as the degrees of change of this soil constituent because of cropping,
may be somewhat related to climate, soil, and other environmental factors.
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In general, the nitrogen content of the coarse-textured soils was lower than
that of the silt loam, loam, and clay loam soils. Soils from the more
southerly locations were generally lower in total nitrogen in their virgin
state than from those locations in the north. These results were in
agreement with those of Jenny (24). While there were many notable
exceptions, the decline in soil nitrogen with cropping was most striking
at locations having the highest annual precipitation. The high rates of
loss at Havre, Mont., and Dickinson, N. Dak., however, were not explain-
able on this basis.

At 11 locations where the organic carbon contents of unmanured culti-
vated andjvirgin soilsiwere investigated (table 4), the average loss per
year over a 37-year croppiag period was 1.15 percent. Results obtained
by Smith and coworkers (42) from the Texas Blacklands showed aa
average annual decline in organic matter of 1.50 percent in the plow layer.
At all locations, cropping caused a greater percentage reduction in organic
carbon than in nitrogen content. As an average of the 11 soils, 42 percent
of the organic carbon in virgin®soils was lost in 37 years of cropping. For
this same period and group of soils, 36 percent of the nitrogen was lost.

The relationship between the carbon and nitrogen contents of the
cultivated and virgin soils and the changes-in these relationships with
cropping are shown by the carbon/nitrogen (C/N) ratios (table 5). The
average C/N ratio of 7 virgin soils was 11.1; that of comparable cultivated
soils was 10.1. Thus, the reduction in the C/N ratio of these soils after
37 years of cropping has averaged 1.0; this is approximately a 9-percent
reduction basef on the average C/N ratio of the virgin soils. While the
magnitude of the change in the C/N ratio is not great, it would appear to
be a significant one in view of the similarity in trend for all of the 11 soils
under investigation.

TABLE 4.—Organic carbon changes in surface soils (0- to 6-inch devoth) at 11 locations
in the Qreat Plains, as affected by 37 years of cropping

Organic-carbon content

Location Cro;r)lping Years of

period | cropping Change | Change
Virgin | Cropped | with |peryearof

cropping | cropping

Number | Percent | Percent | Percent | Percent
1913-43 30 2.11 1.45 —31 —1.03
1907-47 40 3.64 1.51 —59 —1.48
1916-47 31 1.76 .83 —53 —-1.71
100847 39 3.24 2,19 —32 —.85
Sheridan, Wyo. .. ... 1017-47 30 1.66 1.19 -28 —. 03
Archer, Wyo....______._T_I1ITTITTIIIIT 191347 34 1.33 .78 —41| -121
Akron, Colo. oo C 1008-47 39 1.42 .77 —46 —1.18
Colby, Kans 1905-46 41 1.83 1.01 —45 —-1.10
Hays, Kans .. . .. 1903-46 43 2.47 1.21 —51 —1.19
QGarden City, Kans.. .| 1907-46 39 1.13 .69 —39 —1.00
Dalbart, TeX. - oo aecccccaacae 190847 39 .72 .44 -39 —1,00
AVerage. oo eceeeae 37 1.94 1.10 —42 —~1.15

Cropping has also been associated with decline in carbon and
nitrogen fractions of subsurface layers of soil (table 6). The average
annual loss at 7 stations was 0.40 percent of nitrogen and 0.53 percent of
organic carbon. The average period of years of cropping at these 7 sta-
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tions was 35. During this period an average of 15 percent of the nitrogen
was lost as well as 20 percent of the organic carbon. Here again, the
greater loss of carbon than nitrogen is evident even in the subsurface soils.

TaBLE 5.—Carbon/nitrogen ratio of cropped and virgin surface soils (0- to 6-inch
depth) at 11 locations in the Great Plains

Carbon/nitrogen ratio
Location Years h(J)f v c Ohan,
cropping Jrﬁln TOD) go
soils soiﬁed with
cropping
Number
Mandan, N. Dak. 30 13.2 12.5 -0.7
Dickinson, N. Dak 40 12.4 10.9 -15
Havre, Mont. 31 1.6 9.2 —2.4
Moccasin, Mont... 39 10.8 10.7 -1
Sheridan, Wyo. 30 10.4 9.8 —.6
Archer, 0 34 10.9 9.5 —1.4
Akron, Colo 39 10.5 9.9 -.6
Colby, Kans : 41 1.1 9.6 -1.5
Hays, Kans . 43 11.2 9.9 -1.3
Garden City, Kans_.__. 39 9.4 9.0 —.4
Dalhart, Tex. 39 10.7 10.5 -2
Average. 37 1.1 10.1 =10

TaBLE 6.—Total nitrogen and organic-carbon changes in subsurface layers of soil
at 7 locations in the Great Plains, as affected by 35 years of cropping

TOTAL NITROGEN CONTENT

Years of Soil Vir, Cropped | Change | Change
Station cropping | depth soﬁu soill::e

Number | Inches | Percent | Percent | Percent | Percent

6-12 |~ 0.119| = 0.109 i

Mandan, N. Dak 30 { 12-24 . 084 .080 —5 —17
Q 6-12 1163 1107 —34 —85

31 6-12 1108 2090 17 —. 56

30 7-20 17 1105 10 —.33

34 612 1089 J084 —6 —.18

39 6-12 1087 L081 -7 —.18

39 6-12 1059 1050 —15 —.38

Average. . 35 6-12 .104 .087 —15 —.40

6-12 1.49 1.3 -6| -0

Mandan, N. Dak 30 { 12-24 1ol 195 —6 —5
Dickinson, N. D&k -o—coeeeeeee m 6-12 187 8 Zi8| 12
Harve, Mont. 31 612 109 .82 17 —.55
Sheridan, Wyo_.. 30 7-20 121 107 —12 —40
Archer, Wyo 34 612 .83 76 —8 —
‘Akron, Colo. 39 6-12 79 165 -18 —48
Dalhatt, Tex. .. 39 6-12 160 48 —20 —.51
Average. .. 36 6-12 1.10 .84 -2 -. 53

To compare the results obtained from experimental stations with those
obtained under general farm conditions, virgin and cropped soils from
farms in North Dakota were analyzed for mitrogen and carbon. These
farms were located on Barnes, Morton, and Williams soils. A summary
of the results is presented (table 7).



TABLE 7.—Summary of average percentage of nitrogen and carbon and the carbon/nitrogen ratio for 8 soil series under virgin sod and cropped
land in North Dakota

Fields Nitrogen Carbon Carbon/nitrogen ratio
Soil Series Years Depth
Virgin | Cropped | cropped Virgin | Cropped | Change | Virgin | Cropped | Change | Virgin | Cropped Change
land land land land land land land land
Number | Number | Number | Inches | Percent | Percent | Percent | Percemt | Percent | Percent
0-6 0.415 0.254 -39 4.97 2.77 —44 12.0 10.9 -1.1
Barnes. - - - 8 7 57 6-12 .210 .130 —38 2.22 1.12 —50 10.6 8.6 —2.0
12-18 .120 .088 —27 1.12 .72 —36 9.3 8.2 -1.1
0-6 . 242 186 —23 2.88 2.02 —30 11.9 10.9 -1.0
Morton........__ 6 7 40 6-12 . 147 .134 -9 1.54 1.39 -10 10.5 10.4 -1
12-18 .114 .102 —11 1.17 .99 T —15 10.3 9.7 —.6
0-6 .285 .193 —32 3.35 1.99 —41 11.8 10.3 -1.5
‘Willlams. .- _____ 6 7 33 6-12 . 146 .115 —21 1.42 1.00 —30 9.7 8.7 -1.0
12-18 .110 . 091 -17 1.02 .78 —24 9.3 8.6 -7
0-6 .324 211 —35 3.86 2.26 —41 11.9 10.7 —-1.2
Average, allsofls_._____________ 20 21 43 6-12 172 .126 -27 177 1.17 —34 10.3 9.3 -1.0
: - 12-18 .115 . 094 —18 1.11 .83 —25 9.7 8.8 -9

TUNLINDIEDY d0 "LdHEd 'S ‘A ‘P9TI NILETIAS TVOINHOAL ¥1
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It will be noted that these results are somewhat in line with those ob-
tained from the experimental stations. The average nitrogen loss for
all surface soils was 35 percent, and the average carbon loss 41 percent.

The carbon/nitrogen ratio for all surface soils was reduced 1.2 by cropping.
The higher nitrogen Barnes soils have been cropped for a longer perilgg
which would no goubt increase nitrogen losses; but there is evidence that
the soils with greater nitrogen content lost a higher percentage of their
nitrogen. Thus, cropping tends to decrease the variability in nitrogen
between soils. It is also apparent that comparatively high losses have
occurred in the subsurface soils.

These results, together with those from the experimental stations,
emphasize the fact that sizable losses of nitrogen and carbon occurred in
the Great Plains soils after they were placed under cultivation. This
verifies the findings mentioned in the literature (5, 9, 18, 21, 25, 31, 33,
34, 37, 47).

Rate of Decline in Soil Nitrogen with Years of Cropping

Earlier work by Gainey and coworkers (18), Sewell and Gainey (40),
and Myers and coworkers (33) at 3 Kansas stations, as well as periodic
sampling and analyses by Prof. O. A. Beath on the rotation plots at
Sheridan, Wyo., made it possible to show graphically the trend in the
nitrogen content of the soil over a period of years at these 4 locations.
The decline in nitrogen content of the soil with years of cropping at Hays,
Colby, and Garden City, Kans., and at Sheridan, Wyo., is presented
(fig. 4). At Garden City, 2 experimental fields were available.

%‘he soil was not analyzed for nitrogen at the time the sod was broken
at Hays and Colby, Kans., and at the Garden City, Kans., main field;
therefore the nitrogen content of virgin-sod areas sampled in 1946 was
used for the beginning of the period. It was therefore assumed that the
nitrogen content of the sod had not changed from the time the sod was
broken until 1946, and that the virgin-sod area at each station was repre-
sentative of the experimental plots.

Samples were collected from the Garden City annex and from the plots
at Sheridan at the time the sod was broken; the data at these 2 locations
were therefore complete. Each curve (fig. 4) represents an average of a
number of rotations at each station. Rotations to which barnyard
manure had been applied were excluded. .

It is evident from thelgraph that at,the 3 Kansas stations, the nitrogen
content declined sharply during the first 10 to 20 years. After that, the
rate of decline decreased. This was particularly true of the 2 locations at
Garden City. At Sheridan,fthe decline was almost a straight line with no
tendency to level off.

It will also be noted that, with increasing years of cropping at the 3
Kansas stations, the differences in nitrogen content of the soil between
locations become narrower. Near the end of the period, however, the
curves are nearly parallel.

The period covered by these curves is too short to provide any indica-
tion of future trends. The higher nitrogen soil could continue to lose
nitrogen at a greater rate than the lower-nitrogen soil, so that at some
time m the distant future the soils at these 3 Kansas locations would be
similar in nitrogen content. Or it is possible that the soils would reach
equilibrium levels with different nitrogen contents.

218061—57——2
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Jenny (24) has discussed trends of soil nitrogen, and Woodruff (50) has
presented a formula for calculating the equilibrium level of a soil under a
given cropping treatment. In discussing the equilibrium concept, Jenny
states (p. 255% that “nitrogen may reach a definite level or stationary
state that depends on the productivity variables, climate, plant, soil, and

1- Hays, Kans.

02 I 2 - Sheridan, Wyo. -
3 - Colby, Kans.

4 - Garden City, Kans.? annex

5= Garden City, Kans., main field

0.18

0.14

Soil nitrogen (percent)

0.10
.5
0 1 - S | ]
0 10 .| 30 40.

Years of cropping

F1cure 4.—Decline in nitrogen 1ll:vercenta e"of the soil at Hays, Colby,Yand;Garden
City, Kans., and Sheridan, Wyo., with years of cropping.
management.” Thus, according to this statement, each of these soils
would eventually reach different equilibrium levels of nitrogen if the

same cropping systems were continued that had been used in the past.

Influence of Specific Cropping Practices on the Total
Nitrogen and Carbon Content and the Carbon/Nitro-
gen Ratio of the Soil

Detailed data from each location are presented in appendix tables 29 to
44, inclusive. Several comparisons were made of the effects of different
crz)lps or cropping practices on the nitrogen and_carbon’contents_of the
soil; these are discussed separately in the following sections.



NITROGEN AND CARBON CHANGES IN GREAT PLAINS SOILS 17

Effects of Small Grains

At a number of locations, several types of small grains were grown both
continuously and alternating with falﬁ'ow. To determine whether there
was any difference in the loss of soil nitrogen and carbon under various
small grains, the percentage change in nitrogen and carbon was de-
termined for each small grain. The average values of 2 continuously
cropped and 2 alternately cropped and fallowed plots were used for each
type of small grain. The nitrogen and carbon results are presented
(tables 8 and 9, respectively).

TABLE 8.—Effects of various types of small grains on percentage loss of nitrogen
in surface and subsurface soils under continuous and aliernate cropving and
fallow, compared with virgin sod ! at 9 locations in the Great Plains

SURFACE B80ILS?

Continuous cropping Alternate fallow
Yet;.rs
Location o
crop- | Win- g Bar- Win-
pring| Spring Spring Bar- |Spring
ping wgeerat wheat | 0818 | 16y | “roe w%eetat wheat | 98%5 | ey |  rye

Num-| Per- | Per- | Per- | Per- | Per- | Per-

Mandan, N. Dak__________
Dickinson, N. Dak.
Havre, Mont_...___ -
Moccasin, Mont..
Sheridan, Wyo.._._._._._.__

Archer, Wyo_

Akron, Colo.
Colby, Kans.
Hays, Kans.__..___.
Averageof4locations.._.| 33| —28 | —22| —18 | —23
Averageof 7locations....| 35 |-....._ —26 | —23 | —26
SUBSURFACE SOILS3
Mandan, N. Dak_..._____.| 30 |..._.... +4 0| +3 -5
Dickinson, N. Dak._. 40 |- —28 | —30 | —19 —37
Havre, Mont.__.___________ 31 0 —19 | =11 ... —19 —4 ] —12
Sheridan, Wyo_........._.| 80 -9 =1 44| +3[-ccc- —4 -9
Archer, Wyo__.._________ 34| —1| 43| 46| —1 |- —-1| -9
Akron, Colo 39 —2| 41| +3 | —13
Averageof2locations..__| 32| —10 +1| 46 41 [ -2 —9| =8| —12|...__.
Averageof 5locations____[ 35 |-_._.__ -5 —4| -2 —16| —16 | —16 |-

1 The plots at Colby and Hays were sam&lgd in 1916, and these values were used for determining percent-
age of change for the period 1916-46. The land had been cropped for several years prior to 1916. other
values are based on vli)t?gin sod.

3 The majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches, and the subsurface
samples from 6 or 7 to 12 inches. At Sheridan, the subsurface samples were taken from a depth of 634 to

inches.

The results show that the losses of nitrogen or carbon were not con-
sistently greater for any one type of small grain at all locations. The
extent of %zss was influenced to a certain extent by the adaptability and
production of each small grain at a given location. No doubt soil vari-
ability also affected the results at some of the stations. It is difficult to
determine from these results whether any one type of small grain in-
fluenced nitrogen and carbon losses more than any other type for the
region as a whole.
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TaBLE 9.—Effects of vorious types of small grains on percentage loss of carbon in
surface and subsurface soils under continuous and alternate cropping and failow,
compared with virgin sod,! at 6 locations in the Great Plains

SURFACE SOIL8?

Continuous cropping v Alternate fallow
Yezfars
Location o
crop- | Win- g Win- Bar-
pring Bar- | Spring Spring Spring
ping wfif;at wheat | 38| ley | rye wtigst wheat | 08ts | ley \"vg
Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per-
cent
Mandan, N. Dak. —-32
Havre, Mont —53
Sheridan, Wyo._.. —-34
Archer, Wyo —43
Colby, Kans —14
Hays, Kans._ ________.______ —18
Average of 3locations_.__| 31 —-30
Averageof4locations_._.| 31 -31
Mandan, N. Dak 30 |ooooo- 42| -2 44 | —6 | —11| —8 | ______
Havre, Mont... 31 0 —16f —9 [.____ —16 -5 —9 | =20 {._____ -31
Archer, Wyo___ 34 -13 +5| +1 -1 . —-11 —12 | =11 | =11 |.______
Averageof2locations____[ 32 —6 —b5| —4 | . —8| —10 | —16 |____|-——o___

1 The plots at Colby and Hays were sampled in 1916, and the values obtained were used for determining
percentage of change for the period 1916-46. The land had been cropped for several years prior to 1916.
All other values are based on virgin sod.

3 The majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches, and the subsurface
ia:n;lples from 6 or 7 to 12 inches. At Sheridan, the subsurface samples were taken from a depth of 634 to 20

ches.

At several of the locations, the differences are probably within the
experimental error, while at others there may be a real difference. Myers
and coworkers (33), reporting on :he results from Hays and Colby, Kans.,
for a shorter period of time, stated that the several small grains had
essentially the same effect on the soil nitrogen. Their conclusions were
based on adjusted nitrogen values to compensate for soil variation.

Continuous Cropping Versus Fallow for Small Grains and Row
Crops

A comparison of the effects of small grains and row crops, grown con-
tinuously or alternating with fallow, on the nitrogen content of the soil
is shown (table 10). Loss of nitrogen from surface soils under small
grains was considerably less than under row crops. The same was true
for the subsurface soils at most of the locations. Loss of nitrogen from
ithe subsurface soils was considerably less than from the surface soils at
nearly all locations, as would be expected.

It will also be noted that the loss of nitrogen under small grains was
greater for the alternate-cropping and fallow treatment than, for con-
tinuous cropping at all stations except Big Spring. Moisture-equivalent
data from %ig Spring indicate that soil from both the continuous and
alternate wheat and fallow plots was of finer texture than that from
virgin sod, and that soil from alternate fallow plots was of finer texture
than that from the continuous plots. It is possible that the original
nitrogen content of the wheat plots was higher than that of the virgin sod,
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which would account in part for the small loss presented (table 10). It
is also possible that the original nitrogen content of the alternate fallow
plots was higher than that of the continuous plots; this would explain the
greater loss shown for continuous cropping than for alternate fallow.

TaBLE 10.—Percentage change in nitrogen of surface and subsurface soils compared
with virgin sod,’ «under continuous and alternate cropping and fallow for small
grains and row crops at 14 locations in the Great Plains

Surface soils 2 Subsurface soils 2
Years
of Small grains Row crops Small grains Row crops
crop-
Location ping

Con- Con- Con- Con-
tinu- | Alter- [ tinu- | Alter- | tinu- | Alter- | tinu- | Alter-
ous nate ous nate ous nate ous nate
crop- | fallow | crop- | fallow | crop- | fallow | crop- | fallow

ping ping ping ping
Number| Percent| Percent| Percent| Percent| Percent| Percent| Percent| Percent
Mandan, N. Dak___________ 30 —18 -27 —36 —40 +2 —8 —14 —18
Dickinson, N. Dak__ g(; —§‘§

39 -27

30 —22

34 —26

39 —28

30 —9

30 -10

30 -11

‘Woodward, Okla___________ 33 |-
Lawton, Okla.._ 31 —47
Dalhart, Tex 39 |-
Big Spring, Tex.. 41 —15
Average of 11 locations. .__ 33 —24
Average of 8 locations_____ 34 —-29

1 The plots at Colby, Hays, and Garden City were sampled in 1916, and these values were used for deter-
mining percentage of change for the period 1916-46. The land had been cropped for several years prior to
1916. All other values are based on virgin sod.

2 The majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches. The values for
‘Woodward are for the 0- to 12-inch depth. The majority of the subsurface samples were taken from 6 or 7
to 12 inches. At Sheridan, the depth was 634 to 20 inches.

The loss of nitrogen was greater under alternate row crop and fallow
than under continuous row crops at only 7 out of 13 stations. The
average loss of nitrogen from the surface soil for those locations where
data were available for all treatments in both depths was 29 percent for
continuous small grains, 33 percent for alternate small grains and fallow,
47 percent for continuous row crops, and 48 percent for alternate row
crops and fallow. For the subsurface soil, the losses were 7, 14, 20, and
21 percent, respectively.

he fact that small grains, especially those grown continuously, have
been much less destructive to soil nitrogen than row crops, verifies the
findings of previous investigators (18, 24, 33, and 39). The wheat at
most of the locations was generally harvested with a binder, and the
straw removed for the major portion of the period was reported.

A few of the stations began using combines in the early 1930’s, about
midway in the period. If combines had been used during the entire
period, perhaps the loss of nitrogen would have been even less under
wheat. Most of the row crops were harvested with a binder and the
entire crops removed, leaving little crop residue on the land.
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The greater loss of nitrogen from row-crop land than from small-grain
land was due to several factors. The amount of nitrogen removed by
row crops may have been greater than that removed by small grains,
which would account for part of the difference in loss. If cultivation
promotes loss of nitrogen by volatilization, a greater loss could be expected
under intertilled crops than under small grains. Leaching of the nitrogen
below the depth of sampling may have been greater under row crops, and
wind and water erosion may also have been more severe under these crops
at some locations.

The fact that alternate small grains and fallow may show a greater loss
of nitrogen than continuous small grains has been known for some time.
Thatcher (45) reported in 1912 that workers in Minnesota, North Dakota,
and Nebraska found a greater loss of nitrogen under fallow. He stated
that this was probably caused almost entirely by volatilization, inasmuch
as leaching would not account for the loss under dryland conditions.

Smith and Vandecaveye (41) reported on data obtained in Washington,
and Newton and coworkers (34) referred to results obtained in Canada,
which showed higher losses under alternate small grains and fallow than
under continuous small grains.

Lyon (28), reporting on an investigation conducted at Cornell in
lysimeters, showed that soil which was kept bare for 10 years and cropped
for 5 years had an average annual loss of 25 pounds of nitrogen per acre;
this could not be accounted for by removal of crops and drainage water.
When the soil was cropped throughout the period, there was no loss that
could not be accounteg for by removal in crops and drainage water. He
stated that the lack of vegetation is evidently a factor in increasing the
loss of nitrogen in gaseous form. He also stated that other factors may
contribute to the loss of nitrogen in gaseous form—tilling or stirring the
soil, high nitrogen content of the soil, application of large quantities of
nitrogenous manures, and possibly the application of lime to some soils,

Broadbent (7), working with certain soils in California, concluded that
part of the large losses of nitrogea from those soils is probably the result
of aerobic denitrification.

At Sheridan, Wyo., 1 plot had been continuously fallowed for 30 years;
that is, no crop had been grown, and the plot was cultivated to control
weeds. This plot had lost 43 percent of its nitrogen from the surface 7
inches of the soil during that period; this was a greater loss than had
occurred on any of the other cropping treatments. This plot, however,
was subject to considerable wind and water erosion, which would account
in part for the high loss of nitrogen.

Naturally, the less cover there is on a soil, the more subject that soil
is to wind and water erosion. Numerous investigators have reported on
such losses (12, 13, 14, 23, 27, 32, 36, 38, 49). Although no actual
measurements were made, it is believed that in most instances the loss
of soil by wind or water erosion from the plots reported on in this study
was slight and certainly would not be as great as from large fields. Vola-
tilization may account for a portion of the greater loss of nitrogen from
fallowland, and it is possible that leaching of nitrogen to depths below
those which were sampled may also have been a factor. This nitrogen
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would probably still be available to the plants in most years under dryland
conditions, but it could not be accounted for in the depths sampled in
this study.

The loss of nitrogen under alternate small grains and fallow may
appear to be only slightly greater than under continuous cropping; but
considering the fact that at most locations less crop is removed from
the land under a fallow system, the differences in nitrogen loss become
more significant. These differences emphasize the importance of factors
other than crop removal. The average amount of wheat removed per
plot at 8 locations under the alternate crop and fallow system was approxi-
mately 86 percent of that under continuous cropping. Where corn was
used, the amount of grain removed was approximately 62 percent.

A comparison of the effect of small grains and row crops, grown con-
tinuously or alternating with fallow, on the organic-carbon content of the
soil is presented (table 11). The situation for organic carbon was much
the same as for nitrogen, although the percentage loss of carbon was
greater than for nitrogen with a few exceptions in the subsurface soil.

TABLE 11.—Percentage change in organic carbon of surface and subsurface soils
compared with virgin sod,! vnder continuous and alternate cropving and fallow
for small grains and row crops at 7 locations in the Great Plains

Surface soils 2 Subsurface soils 3
Years | Small grains Row crops Small grains Row crops
Location of cirl?p-
ping

Contin-| Alter- |Contin-| Alter- Contin-| Alter- |{Contin-| Alter-
uous | nate | uous | nate | uous | nate | uous | nate
crop- | fallow | crop- | fallow | crop- | fallow | crop- | fallow

ping ping ping ping
N;Lm- Per- Per- Per- Per- Per- Per- Per- Per-
er

cent cent cent cent cc’{l!-tz cent cent cent

Mandan, N. Dak 30 -22 —28 —38 —44 —6 —18 —19
Havre, Mont.___ 31 —46 —53 —62 —65 —-10 -17 —27 —34
Sheridan, Wyo_ 30 —28 —34 —41 e % 3 PO SRR (RSO DU
Archer, WYo.... 3¢| -35| —43| —52| —b2| —2| 1| =197 Tie
Colby, Kans. .. 30 —21 —28 —40 —44 -
Hays, Kans....______ 30 —25 —28 —42 —52
Garden City, Kans___.__.___ 30 —32 —25 —46 —40
Average of 3 locations.._._ 32 —34 —41 —51 —b54 -3 -11 —21 —24
Average of all 7 locations. _. 32 —30 —34 —48 —49 -

1 The plots at Colby, Hays, and Garden City were sampled in 1916, and these values were used for deter-
percentage change for the period 1916-46. The land had been cropped for several years prior to

1916. All other values are based on virgin sod.
3 The majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches. The majority of
subsurface-soil samples were taken from 6 or 7 to 12 inches. | At Sheridan, the depth was 634 to 20 inches.

The carbon/nitrogen ratios of surface and subsurface soils under con-
tinuous and alternate cropping and fallow for small grains and row crops,
at the beginning and at the end of the cropping period, are presented
(table 12). The greater loss of carbon than of nitrogen is apparent in
the carbon/nitrogen ratios. During the period, all ratios were reduced
in the surface soil, and most of them in the subsurface soil. There was
less reduction in the lower depth than in the upper. The greatest reduc-
tion occurred under row crops alternating with fallow.
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TaBLE 12.—Carbon/nitrogen ratios of surface and subsurface soils under continuous
and alternate cropping and fallow for small grains and row crovs, at the beginning !
and at the end of the cropping period, at 7 locations in the Great Plains

SURFACE SOILS?

Small grains Row crops
Years
of Continuous Alternate Continuous Alternate
Location €rop- cropping fallow cropping fellow
ping
Begin- | End | Begin-| End | Begin-| End | Begin-| End
ning ning ning : ning
Number
Mandan, N. Dak_____.____. 30 13.1 12.6 13.1 12.6 13.2 12.5 13.2 12.3
Havre, Mont.___-- - 31 11.6 9.6 11.6 9.1 11.6 8.8 11.6 8.7
Sheridan, Wyo.. - 30 10.3 9.5 10.0 9.9 10.3 9.3 10. 4 9.0
Archer, Wyo.._ 1 84| 109| 97| 09| 94| 19| 89| 109 89
Colby, Kans.__ 30 11.4 9.8 10.7 10.3 11.5 9.8 11.0 8.2
Hays, Kans___ 30 11.7 9.8 11.7 10.0 11.8 10.2 12.5 9.8
Graden City, - 30 11.9 9.0 10.9 9.4 11.1 8.3 | '1L0 9.0
AVerage. . cceeceeaa- 31 11.6 10.0 11.3 10.1 11.5 9.7 11.5 9.4
SUBSURFACE SOILS 3

30 12.6 12.5 12.5 12.6 12.6 12.0 12.4 12.2

31 9.2 9.4 9.2 9.0 9.2 8.8 9.2 8.8

34 9.3 9.1 9.3 8.8 9.3 8.6 9.3 8.5

32 10.4 10.3 10.3 10.1 10.4 9.8 10.3 9.8

1 Carbon/nitrogen ratios for Mandan, Havre, and Archer for the beginning of the period are based on
samples collected from virgin sod at end of the period and are assumed to be the same as at the beginning

of the period. i
3 Thg majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches. The majority of
the subsurface samples were taken from 6 or 7 to 12 inches. At Sheridan, the depth was 63§ to 20 inches.

Barnyard Manure Versus No Manure

The effect of barnyard manure in a rotation on the loss of nitrogen and
organic carbon from the soil, as compared with a similar rotation without
manure, is presented (table 13).

The rotations were 2-, 3-, or 4-year rotations. Manure was applied
to 1 plotin a rotation each year. Thatis, a given plotin a 2-year rotation
would receive manure every 2 years; in a 3-year rotation, a given plot
would receive manure every 3 years; and soon. The average annual rate
of application for a given plot ranged from ap(froximately 2% to 5 tons
of barnyard manure per acre. This amounted to approximately 25 to
50 pounds of nitrogen per acre annually.

he data presented show that the application of manure reduced the.
loss of nitrogen and carbon at all locations and in both depths. At some
locations the benefit from manure was only slight, while at others it was
considerable. Both nitrogen and carbon data were available for both
treatments and depths at only 5 of the 12 locations. The mean loss of
nitrogen from the surface soils at these 5 locations was 33 percent from
the rotation without manure and 14 percent from the rotation with
manure. For the subsurface soils, the values were 14 and 7 percent,
respectively. The average loss of organic carbon at those same 5 stations
was 39 percent from the rotation without manure and 19 percent from
the rotation with manure for the surface soils. For the subsurface soils,
the values were 15 and 8 percent, respectively. Although the loss of
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nitrogen from the manured rotations has been approximately one-half
that of the rotations without manure, total crop removal from the former
has been only 11 percent greater.

TaABLE 13.—Percentage change in nitrogen and organic carbon of surface and sub-
surface s0ils,! compared with virgin sod,? in rotations with and without manure

at 12 locations in the Great Plains

Total nitrogen Organic carbon
Years
of Surface solls | Subsurface soils| Surface soils | Subsurface soils
Location crop-
ping 3
‘With- | With | With- | With | With- | With | With- | With
out |manure| out |manure| out |manure| out |[manure
manure manure manure manure
Number| Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent
Mandan, N. Dak_—_....___. 30 -31 —4 -13 +7 —-35 -9 -12 +7
Dickinson, N. Dak_ 40 —49 -39 -30 =10 [ oo
Havre, Mont_.__. 31 —43 —-32 -20 —18 —53 —43 —21 -17
Mocassin, Mont .. 39 —32 L) N (RSN SRR ISR FPSMI AR R,
Sheridan, Wyo... 30 —26 +6 -9 -10 —-30 +8 -10 -8
Archer, Wyo. 34 —34 -19
n, Colo. 39 —38 —22
Colby, Kan 30 —24 -16
Hays, Kans.__._....__._.... 30 —-32 —29
33 —53 fong ! ) [SURR, NN MU EI IR
31 —52 —48 —-20 L 02 RS SIS SN N
39 -31 —22 -20 -17 —38 —25 —25 —18
Average of all 12 locations._ 34 —37 s [ (Y S SN AU A
Average of 5 locations.... 33 -33 —14 —14 -7 -39 —19 -15 -8
Average of 8 locations_.... 34 —38 —-22 —16 - 7 PR [N ESEU

1 The majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches. The values at
‘Woodward are for the 0- to 12-inch depth. The majority of the subsurface samples were taken at depths
from 6 or 7 to 12 inches. At Sheridan, the depth was to 20 inches.

3 The plots at Colby and Hays were sampled in 1916, and these values were used for determining per-
centage change for the period 1916-46. The land had been cropped for several years prior to 1916. All
other values are based on virgin sod.

3 The cropping period began with the year the land was broken except at the Kansas stations. Manure
was applied during the entire cropping period shown at all stations, except Akron where it was applied 23
years, Woodward where it was applied 28 years, Lawton where it was applied 28 years, and Dalhart where
it was applied 33 years.

Sheridan was the only station where the manure increased the nitrogen
and carbon contents of the surface soil above the increase for virgin sod.
At Mandan, there was only a slight reduction in these elements where
manure was applied. The nitrogen content of the subsurface soil was
ircreased slightly at 3 of the locations where manure was applied. Brage
and coworkers (6) pointed out that numerous investigators reported
difficulty in increasing the nitrogen or carbon content of the soil by
alll)p]ications of barnyard manure. In the study in Minnesota, however,
they showed that where manure had been applied to a 4-year rotation
over a period of 30 years at different rates, the nitrogen content of the
soil was progressively higher than the check treatment with each additional
increment of manure applied.

The quantity of nitrogen in the manure should have been sufficient to
meet the needs of the crops. It is therefore apparent that considerable
nitrogen has been lost by means other than crop removal. As mentioned
earlier, Lyon (28) stated that the application of large quantities of
manure may contribute to losses of nitrogen in the gaseous form. The
rates of application were not excessive, but these amounts on soils that
had been broken from sod for a relatively short time may have been
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sufficient for volatilization to occur. Russell (38, pp. 299-300) states
that where much organic matter occurs, as in soils ﬁeavily manured or
in certain virgin soils, it is difficult to account for the lost nitrogen. It
was assumed that part of the nitrogen was lost as gas during oxidation of
organic matter.

It is possible that volatilization may have accounted for some loss of
nitrogen from manured land. Leaching from the depth of sampling may
also have been a factor; but inasmuch as little of the nitrogen at this level
would have been lost from the root zone, most of it was still available for
plant use. Wind and water erosion may account for nitrogen losses in
some instances.

The carbon/nitrogen ratios at the beginning and at the end of the
cropping periods, for soils in rotations with and with out manure, are
presented (table 14). In the surface soils, the ratios were reduced at
every location in both treatments. In the subsurface soils, the ratios
were reduced at some locations and increased at others. The average
ratio of the surface soils for 5 of the locations was reduced approximately
1.0 by cropping, whereas the average ratio for the subsurface soils was
only reduced approximately 0.1 or 0.2. The carbon/nitrogen ratio at
the end of the period was usually only slightly higher under the manured
rotation than under the rotation without manure.

TaBLE 14.—Carbon/nitrogen ratios of surface and subsurface soils, at the beginning !
and at the end of the cropping period, for rotations with and without manure,
at 7 locations in the Great Plains

Surface soils 3 Subsurface soils 2
Years
Location of |Withoutmanure| With manure |Withoutmanure| With manure
crop-
ping
Begin-| End | Begin-| End | Begin-| End | Begin-| End
ning ning ning ning
Number
Mandan, N. Dak_._________ 30 13.1 12.4 13.2 12.5 12.5 12.6 12.5 12.6
Havre, Mont._.__.__. - 31 11.6 9.6 11.6 9.8 9.2 9.1 9.2 9.2
Sheridan, Wyo. .. - 30 10.4 9.9 10.5 10.7 10.3 10.3 10.2 10.4
Archer, Wyo..__- | sa| 19| 97| 09| e8| 93| 92| 9.3 8.9
Colby, Kans. - 30 10.1 9.3 10.6 [ 35 PSR IS S S
Hays, Kans.__ -- 30 10. 6 9.8 10.7 10.1 oo [
alhart, TeX- - .-ccooaooon 39 10.9 9.9 10.9 10.4 10.2 9.5 10.2 10.0
Average of all 7 locations._ 32 11.1 10.1 11.2 b (1): 35 PR RO AR A,
Average of 5_ - oo 33 11.4 10.3 11. 4 10.6 10.3 10.1 10.3 10.2

1 Carbon/nitrogen ratios for Mandan, Havre, Archer, and Dalhart for the beginning of the perlod are
on samples collected from virgin sod at the end of the period and are assumed to be the same as at the
beginning of the period.
2 The majority of the surface soil samples were taken at depths from 0 to 6 or 7 inches. The majority of the
subsurface samples were taken from 6 or 7 to 12 inches. At Sheridan, the depth was 634 to 20 inches.

Effects of Green-Manure Crops on Soil Nitrogen and Carbon

The percentage change in nitrogen and carbon content of the surface
and subsurface soils, in rotations with and without green manure, is
presented (tables 15 and 16, respectively). The carbon/mitrogen ratios
at the beginning and at the end of the period are presented (table 17).
In these investigations, 2-, 3-, or 4-year rotations were used, the 4-year
rotation being dpredominant. The legumes used were sweetclover,
cowpeas, or field peas; these were usually plowed in spring or early
summer and fallowed the remainder of the season.
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TABLE 15.—Percentage change in nitrogen of surface and subsurface soils compared
with virgin sod,! in rotations with and without green manure, at 13 locations in
the Great Plains

Surface soils 3 Subsurface soils &
Location Years of
cropping3| No green| Rye, |Legume, |Nogreen| Rye, Legume,
manure | green green | manure | green green
manure | manure manure | manure
Number Percmi Pcrcegé Percent | Percent Perce'n:t’ Percent
40 —50 —48 —50 —=37 —31 —35
31 =37 4—36 (oo - —15 4—6 | oo
39 —-32 —32 -
30 =21 —18 —19 —10 —6 -7
34 —34 —=30 —33 —6 —4 —6
Akron, Col 39 —37 =37 -33 -8 —8 -3
Colby, Kan: 30 —28 =27 —-30 -
Hays, Kans._ 30 -18 —14 —-17 -
Garden City, Kans___.._______ 30 —18 —22 | ..
Garden City, Kans., Annex _ . 15 —25 -25 —24 |||
Woodward, Okla___ ___________ 33 —62 —61
m, Okla_________22771TC 31 - —47 2 I T
Average of 8 locations____ 31 —30 —29 -30
Average of 5 locations____ 35 —35 -33 -33 -15 -12 —12

1 The plots at Colby, Hays, and Garden Cp‘i‘g, Kans., were sampled in 1916, and these values were used
for determminiﬁeroentage cimnge for the od 1916-46. The land had been cropped for several years
prior to 1916. other values are based on vtrgin sod.

3 The green manure rotations were in effect for the entire cro%ping period at all stations except Wood-
ward where they were in effect for 29 years, and Lawton where they were in effect for 28 years.

3 The ma]orlt?' of the surface-soil samples were taken at depths from 0 to 6 or 7 inches. The values at
‘Woodward are for the 0- to 12-inch depth. The majority of the subsurface samples were taken from 6 or
7 to 12 inches. At Sheridan, the depth was 634 to 20 inches.

4 For the first 20 years, the area occupied by this rotation was in a rotation in which peas were plowed
under for green manure.

TaABLE 16.—Percentage change in organic carbon in surface and subsurface soils
com{ared with virgin sod,! in rotations with and without green manure, at 8 locations
in the Great Plains

Surface soils 2 Subsurface soils 3

Location Years of

cropping | No green| Rye, | Legume, Nogreen| Rye, | Legume,
manure | green green | manure | green green
manure | manure manure | manure

Number | Percent | Percent | Percent | Percent | Percent | Percent
30 33 36 33 -11

- - - —14 —10

31 —50 =51 .. —16 =12 .
30 -2 —-22 —26 -9 -7 -9
34 —41 —40 —40 —6 -8 -7
30 =37 —34 —43
30 —30 -29 —29
30 —-32 —35
15 -31 -30 -35 e

Average of 6 locations____ 28 —33 —-32 —34

Average of 3 locations. _._ 81 -33 —33 -33 -9 -10 -9

1 The plots at Colby, Hays, and Garden City, Kans., were sampled in 1916, and these values were used
for determinmiﬁereentage dmnge for the od 1916-46. The land had been cropped for several years
prior to 1016. other values are based on sod.

3 The majority of the surface-soil samples were taken at d?ths from 0 to 6 or 7 inches. The majority of
the subsurface samples were taken from 6 or 7 to 12 inches. At Sheridan, the depth was 634 to 20 inches.

The data show that neither rye with green manure nor legume with
Ereen manure were effective in reducing the losses of nitrogen and carbon.
arbon /nitrogen ratios in the green-manure rotations were approximately
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the same as in rotations without green manure. At Sheridan, Wyo.
(see appendix table 34), 1 plot had been grown continuously to peas for
a 30-year period. All the crop was plowed under for green manure each
year. The soil from this plot lost 28 percent of its nitrogen, which was
as high as from row-crop and small-grain rotations where the crops had
been removed. Wind and water erosion, however, was a problem on this
plot, which probably would account for some of the loss.

TABLE 17.—Carbon/nitrogen ratios of surface and subsurface soils, at the beginning !
and at the end of the cropm}r)zf period, for rotations with and without green manure
a

at 8 locations in the Great Plains
Surface soils 2 Subsurface soils 3
Years
of No green | Rye, green | Legume, No green | Rye, green | Legume,
Location crop-| manure manure |green manure| manure manure (green manure
ping
Begin-|End|Begin-|End|Begin-| End|Begin-| End|Begin-| End|Begin-| End
ning ning ning ning ning ning
l\gl,m-
er
Mandan, N. Dak_. 30] 13.1] 12.6| 13.2 12.4| 13.1] 12.5| 12.5/ 12.9] 12.6| 12.5| 12.6] 12.3
Havre, Mont__.___ 31 11.6f 9.3 11.6| 8.9 ._____| ... 9.1 8.7 9.10 85|
Sheridan, Wyo_____ 30] 10.3[ 9.9| 10.6{ 10.1] 10.3| 9.4/ 10.0/ 10.1f 10.0/ 9.9] 10.1] 9.9
Archer,Wyo ....... 34/ 10.9| 9.7 10.9] 9.4 10.9| 9.8 9.3| 9.2 9.3] 8.9 9.3 9.2
Colby, Kans.____._ 30| 1L.3| 9.8/ 10.7| 9.8f 115 9.3| . i |-ccoo|-aea-- - -
ays, Kans._______ 30; 10.8/ 9.2 11.9) 9.8 11.3[ 9.6| - | o oofoeooo o] eeeam
Garden City,
Kans..._...__..___. 30| 116 9.8 11.1] 9.2| | | _fooo ) (RPN PSSP .
Garden City,
.y ) S 156 9.9 9.1 10.1) 9.4] 10.3| 8.9 | o |oeo oo
Average of 6
locations______. 28| 110/ 10.0] 11.2)10.2| 112} 9.9t |eooooofe e ]eeas
Average of 3
locations_._____ 31 11.4| 10.7 11.6( 10.6 11. 4] 10. 6| 10.6( 10.7 10. 6{ 10. 4| 10.7| 10.5
1 Carbon{]nitrogen ratios for Mandan, Havre, and Archer for the beginning of the period are based on
samples collected from virgin sod at the end of the period, and are assumed to be the same as at the beginning

of the period.
2 The majority of the surface soil samples were taken at depths from 0 to 6 or 7 inches. The majority of the
subsurface samples were taken from 6 or 7 to 12 inches. At Sheridan, the depth was 634 to 20 inches.

These results are, in general, contrary to those obtained in more humid
regions. Tidmore and Volk (46), working in Alabama, reported that at
the end of a 9-year period, soils on which legumes were plowed under
contained about 30 percent more nitrogen than soils that received no
legumes. The nitrogen content of the nontreated plot was 0.035 percent.

Jones (26), also working with soils in Alabama, found that growing
vetch on the Hartsells and Decatur soils resulted, respectively, in net
annual gains of 66 pounds and 52 pounds of nitrogen per acre. When
vetch was grown foﬁowing fall-turned soybeans, the annual net gain in
nitrogen amounted to 43 pounds on Norfolk, 66 pounds on Hartsell:, and
104 pounds on Decatur soil. The nitrogen content of these soils was
0.019, 0.039, and 0.078 percent, respectively. Chapman and Liebig (10),
working in California with purple vetch and annual yellow sweetclover
in lysimeters, reported that over a 10-year period there had been a net
unaccounted-for gain of over 100 pounds of nitrogen per acre where
these legumes had been plowed under as green manure.

Greaves and Jones (20), working with legumes grown in jars over a
16-year period in Utah, found that where the legume was removed, no
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gains in soil nitrogen were obtained; but if the legume crop was plowed
under, appreciable gains resulted.

Greaves and Bracken (19) reported results from Nephi, Utah, which
showed that peas in rotation with wheat tended to maintain the nitrogen
content of the soil over a 25-year period. ,

Lyon and Wilson (29), working at the Agricultural Experiment Station
of Cornell University, found that where various legumes and nonlegumes
were plowed under each year over an 11-year period, the vetch plots lost
42 pounds of nitrogen per acre; the rye plots, 217 pounds per acre; the
plots planted to peas, 380 pounds per acre; the oats plots, 382 pounds per
acre; and the buckwheat plots, 412 pounds per acre. This would indicate
that rye was more effective than peas in reducing nitrogen losses.

The question may logically be raised as to why results from the Great
Plains are contrary to those from other regions. There are several
possible reasons for this discrepancy: (1) Moisture is generally limited
in the Great Plains, and nitrogen may not be fixed by the symbiotic
organisms as readily under this condition. Satisfactory stands of green-
manure crops are not always obtained; this is especially true of sweet-
clover. Furthermore, the growth and development of the root system
may be restricted under dryland conditions which might influence the
fixation of nitrogen. (2) Inasmuch as these soils have been broken from
sod for a comparatively short time, it is possible that the organisms may
be able to obtain their nitrogen requirements from the soil and do not need
to fix nitrogen from the air. (3) Nitrogen that has been fixed by the
organisms may have been leached below the depth of sampling. (4)
Nitrogen may have been fixed by the organisms, but lost by volatilization
during the fallow period following the plowing under of the green manure.
(5) Nitrogen may have been fixed, but the crops removed following the
green-manure rotation may have contained a higher percentage of nitro-
gen. In general, green manure has not increasecf the yield of crops which
follow, but the total pounds of nitrogen per acre removed in the crops may
have been greater.

The results obtained in this study indicate that green manures have
been of little or no value in reducing the loss of nitrogen under dryland
conditions in the Great Plains. These results also suggest the need for
further study of this problem to determine why greater benefit has not
been received from the use of green-manure crops.

Effects of Grass and Alfalfa on Nitrogen and Carbon Changes

The percentage change in the nitrogen and carbon content of the
surface and subsurface soils of rotations with or without grass or alfalfa
are presented (table 18). The corresponding carbon/nitrogen ratios
are also presented (table 19).

The grass or alfalfa rotations contained 6 plots each. Of these plots, 3
were in grass or alfalfa, aud 3 were in a rotation of corn, wheat, oats.

Un.il 1937, 1 plot of grass or alfalfa was broken each year, and 1 of the
annual crop plots was seeded to grass or alfalfa each year. The annual
crop rotation was moved 1 plot each year, to include the plot that had been
broken from sod. By this system, a specified plot was in grass or alfalfa
for 3 years.
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In 1937, the rotations at some of the stations were changed to a deterred
type in which a sod plot was plowed every 4 years. Thus, the grass or
alfalfa remained on a given plot for 12 years.

The rotation without grass or alfalfa was a 3-year rotation of corn,
wheat, oats. The crops were harvested and removed from the land in
each rotation.

TaABLE 18.—Percentage change in nitrogen and organic carbon in surface and sub-
surface soils compared with virgin sod, in rotations with and without grass or alfalfa,
at 4 locations in the Great Plains

NITROGEN
Surface soils ¢ Subsurface soils
Location Rotation| Grass Alfalfa- | Rotation| Grass Alfalfa
Years of | without and and without and and

cropping | grass or grain- grain- grass or grain- grain-

alfalfa crop crop alfalfa crop crop

rotation | rotation rotation | rotation

Number | Percent | Percent | Percent | Percent | Percent | Percent
Mandan, N, Dak._______._____ 30 -31 —2b —18 -13 —6 +3
Dickinson, N. Dak._.__ 40 —49 | . —44 =30 [oeoo_ =31
Sheridan, Wyo_._ ... 30 -7 ~i3 —~18 —10 =3 —b
Archer, Wyo._______._ 211110 34 34 —30 —35 —6 -3 -9
Average of 3 locations..__ 31 -31 -23 —24 -10 -6 —~4

ORGANIC CARBON

Mandan, N. Dak.___ 30 —36 —-29 —24 —13 -8 +3
Sheridan, Wyo. 30 —31 —20 —26 L (L PR B
Archer, Wyo._._. 34 —41 —38 —44 —6 —4 -8

Average of 2 locations____ 32 —-38 —34 —~34 —10 —6 —2

1 The majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches. The majority
of the subsurface samples were taken from 6 or 7 to 12 inches. At Sheridan the depth was 634 to 20 inches.

The data presented indicate that the grass or alfalfa rotations reduced
the loss of nitrogen and carbon at Mandan and Sheridan but had little
effect at the other stations. At Sheridan and Archer, there was less
loss of nitrogen from the gross rotation than from the alfalfa rotation.
This is difficult to explain unless it is because the amount of nitrogen
removed by crops in the alfalfa rotation was considerably greater than
in the grass rotations. At Mandan, the alfalfa rotation was more effec-
tive in reducing the loss of nitrogen than was the grass rotation, and
the total amount of crop removed was greater. The nitrogen content
of the crops was not determined, but it is assumed that the amount of
nitrogen removed in the crops would have been greater in the alfalfa
rotation. It would appear, then, that the alfalfa is adding nitrogen to
the soil at Mandan, but not in sufficient quantities to maintain the soil
at its original level. '

The greater loss of carbon than of nitrogen is reflected in the decrease
in the carbon/nitrogen ratio from the beginning to the end of the cropping
period in the surface soils. The ratios at the end of the period for the
grass and alfalfa rotations were approximately the same as for the rota-
tion without these crops. Cropping had little effect on the C/N ratio
in the subsurface soils, but the ratio was. slightly higher in the alfalfa
rotation than in the others at the end of the period.
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TABLE 19.—Carbon/nitrogen ratios of surface and subsurface soils, at the beginning !
and at the end of the cropping period, for rotations with and without grass or alfalfa,
at 3 locations in the Great Plains

SURFACE BSOILS?

Rotation without Grass- and grain- Alfalfa and grain-
grass or alfalfa crop rotation crop rotation
Location Years of
cropping
Begin« End Begin- End Begin- End
ning ning ning _
Mandan, N. Dak______________ 30 13.1 12.3 13.2 12.5 13.2 12.3
Sheridan, Wyo_...._ 10.5 9.9 10.8 9.9 10.6 9.5
Archer, Wyo.__.____.._ -2 10.9 9.7 10.9 9.6 10.9 9.5
Average of all 3locations. . 31 11.5 10.6 11.6 10.7 11.6 10.4
SUBSURFAOE SOILS 3
Mandan, N. Dak. 30 12.5 12.5 12.5 12.3 12.5 12.6
Sheridan, Wyo..__ 30 10.4 10.4 |- 10.0 |ococooooo 10.0
Archer, Wyo.__ ... 34 9.3 9.2 9.3 9.3 9.3 9.4
Average of 2 locations..__ 32 10.9 10.8 10.9 10.8 10.9 11.0

1 Carbon /nitrogen ratios for Mandan and Archer for the beginning of the period are based on samples
collected from virgin sod at the end of the period and are assumed to be the same as at the beginning of the

1 The majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches. The majority
of the subsurface samples were taken from 6 or 7 to 12 inches. At Sheridan, the depth was 634 to 20 inches.

The number of locations having grass or alfalfa rotations was so
limited, and the results so variable, that it is difficult to draw definite
conclusions.

It is apparent, however, that neither grass nor alfalfa grown in rotation
with annual crops was able to maintain the nitrogen or carbon content
of the soil at the same level as virgin sod. In fact, the losses from these
rotations were substantially the same as from plots continually cropped
to small grains. (Compare table 18 with table 10.) Grass grown
continuously on the same soil would be expected to maintain the nitrogen
at a level approximately equal to that at the time the grass was seeded;
but where annual grain crops are rotated with the grass, a decline in
nitrogen would be expected. McHenry and coworkers (30), working
at North Platte, Nebr., with grass stands ranging in age from 1 to 9
years, found that losses of nitrogen occurred in all plots except one.
Those plots which had been in grass more than 6 years out of the 9 con-
tained significantly more nitrogen than those which had been in con-
tinuous cultivation, although they had actually lost some of their original
nitrogen.

Results at Mandan, N. Dak.,” showed that the nitrogen content of
the surface 6 inches of soil, which had been in grass for 6 years, was
ail:roximately the same as at the time it was seeded to grass. Land
which had been cropped to corn and wheat during that period lost 6
percent of its nitrogen.

Thus, since annual crops were rotated with grass in those rotations
reported upon (table 18), the results are not too surprising. It was ex-
pected, however, that alfalfa in rotation with annual crops would ma-

7 Unpublished imental data on file at United States Northern Great Plains
Field station, Mandan, N. Dak.
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terially reduce the loss of nitrogen and carbon. Bracken and Larson
(5), working in Utah, reported that where alfalfa was grown in rotation
with wheat, the nitrogen content of the soil was maintained at a level
approximately 7 percent below that of virgin sod.

arlier work by Stewart (43), on selected Utah farms, showed that
alfalfa caused a decrease in the nitrogen content of the soil compared to
that of virgin soil, whereas wheat continuously cropped, or alternately
cropped and fallowed, did not decrease the nitrogen content of the surface
foot of the soil.

Atkinson and Wright (4) reported results from Ottawa, Canada, which
showed that land which had been in grass with some alfalfa for 15 years
increased in soil nitrogen, while that under cultivation lost nitrogen.

Greaves and Jones (20), working with a Utah soil in jars, found that
the growth of alfalfa on this soil for 16 years and the removal of the crop
did not measurably increase the total nitrogen content. Where the
crop was returned to the soil, a highly significant gain in soil nitrogen
resulted. They state that “probably there is a certain nitrogen balance
in some soils below which legumes may increase the soil nitrogen even
wheie the complete crop is removed; for this soil it is undoubtedly below
0.105 percent.”

Soil Nitrogen in Relation to Nitrification Rate and
Uptake of Nitrogen by Plants

Laboratory Studies

In 1947, Allison and Sterling (2) conducted a study in which they used
soils from the rotation plots at Mandan, N. Dak., to determine whether
nitrate formation in a soil is markedly influenced by past cropping and
cultural practices or, on the other hand, is largely independent of such
treatments but correlated closely with total soil nitrogen. They con-
cluded: “In a given soil type and under like climatic conditions, thor-
oughly humified soil organic matter is fairly uniform in quality regardless
of past agronomic treatment. The total nitrogen content under these
conditions appears to be a rough index of the nitrate-furnishing powers
of variously treated so